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Abstract 
In this study a proposed PID control system for (Ca.U.M.Ha) robotic hand with a finger and a thumb introduced, 
to control grasping cylindrical objects made from different materials soft and hard within a range of (48-150) 
mm in diameter . A samples of PID response figures for object that need just a finger, and object that needs a 
finger with a thumb introduced in additional to the figures of actuators voltage needed for both cases through 
grasping. 
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1. Introduction. 
The under actuation term is widely used in Robotics manipulators. This shows a powerful ability for grasping 
objects and has the capability of adapting its shape to envelop different grasped objects even if the robotic finger 
is controlled by less number of actuators, than its degrees of freedom, and with simple control, low cost and easy 
operation.  The underacuated robotic hands were introduced as simple type of dexterous hands. PID control 
system design area have mainly two approaches, the empirical method, and the analytical method .In the 
empirical method, the controller design relies heavily on past experience and on repeated experiments ,although 
the empirical method (guess and check) must be carried out by trial and error, it may be used successfully to 
design some physical systems .This method is inadequate if there is no past experience to draw from ,or if 
experimentation is not feasible due to high cost or risk. The analytical method needs an adequate formulation of 
the equations of the system. The PID controller calculates the error value as difference between the measured 
variable and the desired set point .It attempts to minimize the error by adjusting the process, using a manipulated 
variable. The controller algorithm consists of three separate constant parameters and accordingly, usually called 
three-term control: the proportional, the integral and derivative terms. 
 
2.Literature Review 
Lionel Birglen and Cle'ment M.Gosselin ( 2005) proposed a control scheme for MARS robotic hand. The 
researchers introduced a control scheme dedicated to under-actuated fingers by using tactile sensors. A real time 
control was introduced based on fuzzy force control and slippage prevention was also presented. Preliminary 
experiments were conducted in force control to ensure that the grasping force can be controlled using tactile 
feedback .Their experimental results by PID controller proved to be very disappointing. Then a fuzzy logic 
approach was adopted by increasing or decreasing the actuator torque until objective contact force was attained. 
Since the contact forces are highly sensitive functions of the joint angles of the finger and contact locations on 
the phalanges, the input of the fuzzy controller was the contact force error, while its output was the actuator 
torque variation. Initial experiments showed that these rules were not sufficient since the contact force tend to 
oscillate around the desired input. To solve this problem another fuzzy input was added. Amir Fassih et al.( 2012) 
aimed in his research by exploiting the main properties of under-actuation to perform motion tasks close to 
reference angles obtained by EMG signals . The proposed control law was a modified version of the standard PD 
control in the joint space adding the gravity compensation term, by considering the position error defined as the 
difference between the reference set point and the current joint angle that based on results of optimal design a 
model of two phalanx fingers was made by ADAMS.   A multi-body dynamics modeling software was linked 
with matlab and Simulink software to implement the controller. N.Z.Azlan and H.Yamaura (2011) proposed a 
position control of  a light weight and small size linkage robotic finger during non-contact motion. The finger 
had a fingertip pinching and self-adaptive capabilities .The PID controller was chosen where the controller input 
to the motors was the voltage signal covered by the PID controller. The error in the controller was the difference 
between the reference and the actual angular displacement of  the actuated link .The RLS (Recursive least square) 
based FEL (Feedback  Error Learning) was implemented to overcome any parameter uncertainties presented in 
the plant. The feedback loops were to ensure the stability of the whole system and acted as the learning signal for 
the forward loop. The experiment results showed that PI control scheme was efficient in controlling the slider 
movements. Da-peng Yang et al. ( 2010)proposed a control system of HIT/DLR Hand which  composed of five-
finger prosthetic hand and three active DOF's .Three motors  were used ,one for the thumb, the other for index 
finger and the last for the rest three fingers together. The hand was implemented on two boards, one was the 
motor control board ,implementing the motion control of prosthetic hand ,while the other board was EMG for 
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high level control implementing the recognizing of hand's motion .The motor control board was based 
on(DSP)(digital signal processor),and a motor drive chip  to implement the corresponding motion control of 
multi finger position control and force control of finger for position control of the finger base joint .The 
researcher proposed a classical PID- controller to reduce  the error between actual and desired base joint of the 
finger. Pierluigi Rea (2011) used a closed-loop pressure control system through PWM modulated pneumatic 
digital valves . He designed and experimentally tested this controller ,in order to determine and analyze the static 
and dynamic performances of Ca.U.M.Ha  robotic hand .The proposed and tested closed-loop control system 
was applied to the robotic hand to control the actuating force of the pneumatic cylinders of articulated 
fingers .The  PWM modulated control signal was generated via LabView software .A typical PID compensation 
of the error between the input electric signal and the feed-back electric signal was carried out through a PC 
controller. Electric switches were installed on the palm in order to detect the eventual fully closed configuration 
of each proximal phalanx.  
 
3. Robotic hand description 
The under actuated finger mechanism of (Cassino –Underactuated –Multifinger-Hand) Ca.U.M.Ha were adopted 
by changing the orientation of hand in a way that the new hand will take account of the weight of the grasped 
object. Torsional springs were mounted in the second and third joints to perform a determined motion. The 
torsional springs have D=9.3mm, D=7.68mm and number of turns=4.They are fixed in a way that they will 
work with the motors direction in grasping task and reversing  the motor in releasing objects, in a way that it will 
simulate the human hand. This will help to adapt the objects with different geometries especially in power 
cylindrical grasping that had been chosen to perform. The implemented robotic hand is composed of a DC linear 
actuator that accelerates the finger in both directions. The slider –crank mechanism which translates the linear 
motion of the slider into rotation motion. It will accelerate the first four bar linkage to move which stands for the 
transmission mechanism that will move the first phalanx of the finger, then moves the second four bar linkage 
that will move the second phalanx and finally the third phalanx which represent the output link of the second 
four bar linkage. The thumb is moved by another linear actuator through a hinge joint. In this joint, an angular 
potentiometer was mounted to measure the thumb joint through movement as shown in figure (1). 
 
4. Control 
PID controller calculates the error value as difference between the measured variable and the desired set point .It 
attempts to minimize the error by adjusting the process, using a manipulated variable. The controller algorithm 
consists of three separate constant parameters and accordingly, usually called three-term control: the 
proportional, the integral and derivative terms figure (2). The linear actuators used in this investigation are DC 
motors that have been geared to extend and contract an arm rather than rotate a shaft used in applications that 
recommend precise position control. The PID controller algorithm used in feedback loop to regulate the linear 
actuator position (Ogata, 2012)is described by the equation: 
  	 
  
    
  


 
(1) 
Where: 
ut: The controller output variable. 
k : Proportional gain, a tuning parameter. 
 k  : Integral gain, a tuning parameter. k  : Derivative gain, a tuning parameter. 
er    : error= y  y      t:  The present time or instantaneous time  
: Variable of integration, takes on values from time zero to the present (t). 
y: The set point 
y: Measured process variable 
 
5. Experimental set up 
The experimental set up for the robotic hand control system is illustrated in figure (3).It consists of  a PC target 
system, voltmeter, power supply and a box having a power amplifier .The PC is  installed with  a DAQ-2501 
acquisition board . It reads the signals from the potentiometers of linear actuators of both the finger and the 
thumb. It provides the output control signals to the DC linear actuators based on the pre-training conditions for 
the objects with their different diameters, weights and materials through the DAQ board .Since the output current 
from the DAQ board is limited to low current, it is not enough to drive the motors, therefore an a power 
amplifier is used to amplify the power for operating the motors according to the equation (P=V*I) without any 
change in voltage. The DC motor is geared with 20:1 with a screw and a nut to perform the linear actuator. The 
motor is equipped with a potentiometer of 10Kohm to measure the linear position of the linear actuator and 
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determines the position of the slider, and that moves the finger. The C  program is chosen to execute the 
control commands to derive the robotic hand mechanism, since it is easy to implement. The figure (4), describes 
the block diagram of the experimental apparatus. Referring to figure (4), let y be the output measured process 
value ,which represents the instantaneous value of slider position, u is the control signal which is the 
potentiometer voltage that stand for the slider distance and (er) is the control error (er 	 y  y) .The reference 
variable (y) is often called the set point that represents the potentiometer voltage obtained for each grasped 
object calculated from the primarily experiments through training  of the robotic  hand to grasp each object .This 
method followed to grasp different cylindrical objects as shown in figures (5) and (6). 
 
6. Experimental process 
Before performing the grasping task, the object geometry should be determined and the hand should adjust itself 
to this geometry by orienting the Finger, with the thumb, in the case where the cylindrical objects diameter is 
greater than 90 mm according to the hand design specifications. To orient the finger, a simple trajectory is 
generated to a prescribed slider position and the linear actuator should follow this trajectory with the PID 
position control, when the grasp is to be performed, a closing trajectory is generated up to a fully closed position. 
The position of the motors is obtained from the potentiometers attached to the linear actuators. The objective of 
the experimentation is to confirm the variety of sizes of objects that can be successfully grasped by this hand also, 
the characterization of this hand and the experimental validation of the control scheme are important issues. In 
order to test the adaptability of the hand, a wide range of cylindrical objects of different materials were grasped. 
Each object at first was placed manually in the hand to be grasped, and turned on the motor is to accelerate the 
hand mechanism until it grasps the object stably, to show the hand configuration which meets specific slider 
distance representing specific voltage reading of potentiometers of both linear actuator of the finger, and the 
thumb actuator, if it was needed. This method is followed for all selected different objects. The objects are 
grasped again, but this time by the suggested control system by performing the PID control algorithm (Oualline, 
1997)According to the control strategy, the control algorithm will ask about the object that the hand should grasp, 
the grasping information that include the potentiometers voltages were already predetermined by the primly 
training of the hand of that object. The PID controller calculates the error value, the difference between the 
present  measured variable  that represents  the potentiometer voltage readings for both the fingers and the thumb,  
and the desired set point that represent the  potentiometers readings values recorded in the  primarily experiments. 
For each object ,the controller minimizes the error by adjusting the three constant parameters ,the proportional 
term (K),the integral term (K),and the derivative term (K) .This control strategy test  the grasping of different 
objects of  different diameters, the minimum cylindrical object the hand could grasp is (48mm) up to ( 150mm)  
in diameter. The control signal is the sum of the three terms, figure (2), K-term which is proportional to the 
error,K	 -term which is proportional to the derivative of the error, and K-term which proportional to the integral 
of the error. K depends on the present error ,K,on the accumulation of past errors ,and K,is a prediction of 
future errors ,based on the current rate of  the change .  This control loop will allow the linear actuator to move to 
a precise required position and remain there even if an external force tries to move it .The goal of the control 
loop to use data from the feedback device (the potentiometer) to iteratively adjust the output until it has reached 
the target measured value. 
 
7. Results and Discussion 
It was noticed, from the potentiometers reading figures through, grasping different objects, these readings 
represent the outputs of the control system from PID control system .The figures (7),(10) show a good response 
of the system according to the good choice of the PID controller parameters by studying the historical movement 
of the hand where the postion control was adoppted through grasping objects as indicated before ,where figure (7) 
shows the PID control response for the output signal through grasping object (A),which need just a finger to be 
grasped .Figure(8),shows the slider distance through grasping object (A) ,while figure (9) shows the voltage 
taken by the finger actuator through grasping the same object. Figure(10)shows the finger potentiometer through 
grasping object (G),which need a finger and a thumb to be grasped as its diameter 90 mm ,while figure 
(11),shows the slider distance through grasping the object ,while figure (12)shows the finger motor voltage 
needed through grasping the same object. Figures (13) and (15) represent the thumb potentiometer voltage and 
the thumb rotation respectively. Figure (14) shows the thumb motor behavior through grasping the object (G). 
The way to grasp the object by a finger and a thumb, the finger will move to some specified configuration that’s 
by moving the slider to defined distance, then the thumb will move to a predefined position, and finally the 
finger will move again to enclosed the object stably. That the position and time the finger ends, the thumb start 
to move as shows in different figures for finger and thumb potentiometers and in finger and thumb 
actuators. ,while all  actuators voltage shows that ,the actuator starts with the maximum voltage which is 10 
v ,then that value decreases gradually as the finger reaches the predefined configuration  for the specific grasped 
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object which is represented by the potentiometers values that stand for the slider distance ,the decreasing in 
voltage taken by the actuators leads to decreasing  in actuator speed avoiding to hit or crash the grasped 
object .The other grasped object follow the same behavior as object (A),for objects need just a finger to be 
hold ,while object (G),considered as a sample for  objects needs a finger and a thumb to be grasped.    
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Fig. (1) 3D model of the hand; 1) Linear actuator 2) Thumb 3) proximal phalanx, 4) Middle phalanx, 5) 
Distal phalanx, 6) Transmission mechanism, 7) Slider, 8) Base. 
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Table (1) Parameter values of PID controller 
Parameter value 
Proportional constant $
% 15 
Integral constant 
 0.0034 
Derivative constant 
 0.02 
 
 
 
              Figure (2) Flow chart of control process. 
 
 
Fig. (3) Hardware setup 
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Fig. (4) Block diagram representation of experimental apparatus 
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Fig. (6) Grasping cylindrical objects with different materials. 
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